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Abstract 
This study of the anopheline mosquitoes of Dielmo, Senegal during the 1995 dry 
season was done with the desire to help identify and further characterized the vectors of 
malaria found in this region in order to aid in future anti-malaria campaigns focusing on the 
entomological perspective. Dielmo is a small village where malaria is holoendemic. 
Anophelesfinestus and Anopheles gambiae s.1. constituted over 98% of 1576 anopheline 
mosquitoes obtained in both night captures on human bait and in surveys of resting 
mosquitoes. The number of An. finestus exceeded that of An. gambiae for both forms of 
capture. The person biting rates of An. funestus and An. gambiae xl. were found to be 
22.5,38.2. and 26.8 bites/person/night for the months of January, February, and March 
respectively. Through night captures on human bait and through analysis of blood meal 
origin of resting mosquito samples, the anthropophilic nature of An. finestus and An. 
gambiae as determined. These mosquito species were shown to be capable of carrying the 
Plasmodium parasite using Enzyme-Linked Immunosorbent Assays (ELISA) to find the 
parasite sporozoite. The calculated transmission rate (h) was large enough (3.41,22.9, 
and 11.75 infective bites per person per month for the months of January, February, and 
March) to look at An. finestus and An. gambiae s.Z. as effective vectors. Their frequencies 
are great enough, their SI and thus transmission rate is large enough, and they have strong 
enough anthropophilic behavior to conclude that An. funestus and An. gambiae s.Z. were 
the primary malaria vectors in Dielmo, Senegal, during the 1995, dry season, with An. 
finestus being slightly more important. 
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Introduction 
If we take as our standard of importance, the greatest harm 
to the greatest number, then there is no question that malaria 
is the most important of all infectious diseases. 
Sir Macfarlane Burnet, 1940 
The importance of malaria as a disease is evidenced in the amount of time, effort, 
and money that has been allotted to its study (Nagel, 1991). Athough malaria has been 
researched and targeted intensively for many years, it continues to affect many people each 
year, as was shown by a 1985 Office of Technology Assessment report that estimated that 
there are 250-300 million cases of malaria each year, and a 1985 World Health 
Organization (WHO) report which estimated that approximately 92 million clinical cases 
occur annuaIly. About 2 million people die each year from this illness (Lauerman, 1991). 
Effects are greatest among pregnant women and children, with approximately half of the 2 
million deaths occuring among children (WHO, 1985). It is estimated that 5 percent of all 
African children die before the age of 5 from the direct or indirect effects of malaria 
(Tangley, 1987). After this age, in areas where malaria is endemic, a natural immunity is 
gradually acquired (Tangley, 1987) and death rates gradually decrease. 
In Africa, this disease is wide spread and its effects have been immense (Tangley, 
1987, Lauerman, 1991). The fact that malaria affects this many people each year makes it a 
“serious obstacle to socio-economic development” (Tangley, 1987) and this loss of 
valuable human resources to chronic sickness is something that many African countries, 
already classed as third-world and underdeveloped, simply cannot afford. 
Although now considered primarily an illness of the tropics and subtropics, malaria 
was once much more widely spread (Tangley, 1987, Lauerman, 1991, Miller, 1992). In 
the mid-1800s it was common in America, and continued to be a serious problem in the 
Southeast until early in the 1900s (Lauerman, 1991). Radical anti-malaria campaigns 
begun in the 1950s were very effective in eradicating malaria from many parts of the world 
including parts of Europe, North America, some parts of Asia, USSR, and Australia 
(Tangley, 1987, Lauerman, 1991, Nagel, 1991). The campaigns were much less effective 
in tropical countries due to a complex combination of environmental, social, economic, and 
climatic factors. Where eradication was effective, it was largely brought about by the 
widespread and effective use of dichloro-diphenyl-trichloroethane (DDT) (Bruce-Chwatt, 
1986, Coluzzi, 1992, Gilles and Warrell, 1993). The discovery of increasing mosquito 
resistance to this insecticide in the 1960s and 1970s and realization of the toxic effect of its 
accumulative characteristic made its use nonpreferential in many locations, though in some 
areas of subsaharan Africa it is still in use (Bruce-Chwatt, 1986, Gilles and Warrell, 1993) 
Malaria has recently become increasingly significant in parts of the world beyond 
the tropics as seen even in the United States, where the number of infected Americans went 
from 303 in 1980 to nearly 600 in 1989 (Lauerman, 1991) and in Europe where 9,000 
cases were reported in 1992 (Johnson, 1993). This increase is due, in part, to increased 
overseas travel (Johnson, 1993). The significant rise is also due to an increased resistance 
of Plasmodium to anti-malaria drugs, and also increased resistance of mosquitoes to 
insecticides (Miller, 1992, Munstermann, 1992, Aldhouse, 1993). No longer can first 
world countries distance themselves from the problem of malaria as it begins to spread and 
invade even those countries once thought to be free from its harmful effects. 
Despite numerous setbacks (i.e., parasite resistance to anti-malarial drugs, vector 
resistance to insecticides, socio-economic problems, etc.), the study of malaria has come a 
long way in the last century. Unfortunately, many questions remain unanswered and many 
problems are still unsolved. Malaria has proven to be a very difficult illness to fight, with 
its complicated life cycle, including several stages of development (both sexual and 
asexual) and both arthropodic and mammalian hosts. A combination of several branches of 
science (e.g., immunology, parasitology, epidemiology, and entomology) must be used in 
finding vaccine, pesticide, or some other solution to the tragedy of malaria. Unfortunately, 
many of the countries with the greatest need for this malaria approach do not have the 
resources, in money, technology, or in qualified people. 
When one considers malaria from an entomological perspective, one must focus on 
malaria’s vector, the Anopheles mosquito. In Senegal, 20 species of Anopheles have been 
identified, of which only a few have been shown to be significant in the transmission of 
malaria (Diagne et al, 1994). 
An entomological study of malaria transmission requires the consideration of many 
factors. Determining which mosquito species are present in a given area can help identifiy 
potential malaria vectors (Macdonald, 1957, Gilles and Warrell, 1993). Many studies have 
already been done on mosquito population frequencies and species distribution (Hamon et 
al, 1956, Coz and Hamon, 1964, damon et al, 1966, White et al, 1972, Coz and 
Brengues, 1973, Beier et al, 1990, Fontenille et al, 1990, Taylor et al, 1990, Coluzzi, 
1992, Coosemans et al, 1992, Coene, 1993) and several more specific studies have 
focused on Senegal (Vercruysse and Jancloes, 198 1, Camicas et al, 1987, Diagne et al, 
1994, Konate et al, 1994, Trape et al, 1994). These studies have revealed that even slight 
differences in climate and location can cause vast differences in anopheline densities and 
species present, exemplifying the need to look closely at each site individually. 
Most mosquitoes can be identified using physical characteristics, but members of 
the Anopheles gambiae complex are morphologically indistinguishable, and thus an 
alternative method of identification must be implemented (Coz and Hamon, 1964, White et 
al, 1972, Marchand and Mnzava, 1985). Polymerase chain reaction (PCR), followed by 
electrophoresis of amplified mosquito genes on an agarose gel has proven to be very 
effective in determination of these sibling species in subsaharan Africa (Marchand and 
Mnzava, 1985, Paskewitz and Collins, 1990, McPherson et al, 1993, Paskewitz et al, 
1993, and Scott et al, 1993), and more specifically in Senegal (Fontenille et al, 1993 ). 
A mosquito’s vectoral potential relies on its population numbers and distribution, 
but other important factors must also be considered. Each species has its own specific 
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feeding and activity patterns which may influence a mosquito’s ability to transmit malaria 
(Jantz and Ribeiro, 1990, Lehane, 1991, Coosemans et al, 1992). 
The frequency with which an anopheline species feeds on human hosts 
(anthropophilic feeding behavior) as opposed to other animals (zoophilic feeding behavior) 
can point out those mosquitoes most likely to be important vectors (Jantz and Ribeiro, 
1990, Lehane, 1991, Coosemans et al, 1992). Several procedures have been used in the 
past to determine the blood meal origin of engorged mosquitoes, but the use of enzyme- 
linked immunosorbent assay (ELISA) is a very effective, specific, and relatively simple 
procedure for most lab stations, even those with limited resources (Burkot et al, 1981, 
Edrissian and Hafizi, 1982, Lombardi and Esposito, 1983, Service et al, 1986, Beier et al 
1988a, Washino and Tempelis, 1993). 
Although trophic choice is important, even normally zoophilic mosquitoes may 
potentially become dangerous vectors (Bruce-Chwatt, 1986, Gilles and Warrell, 1993). In 
the absence of a preferred host, when the mosquito is found in great abundance, or in 
situations that drive normally zoophilic mosquitoes to exhibit anthropophilic behavior, 
these species can also serve as very efficient vectors (Fontenille et al, 1990). 
Along with host species preferences, mosquitoes also exhibit preferences regarding 
feeding location (Jantz and Ribeiro, 1990). Some mosquito species exhibit exophagic 
behavior (feeding outdoors) while others tend to be endophagic (feeding in human-made 
shelters such as homes, storehouses, or stables) (Jantz and Ribeiro, 1990, KonatC et al, 
1994). Feeding location can play an important role in whether or not a given species is 
likely to be an important malaria vector, as those mosquitoes feeding indoors are in closer 
contact with humans, and thus are more likely to show anthropophibc behavior (Jantz and 
Ribeiro, 1990, Konate, 1994). As the number of bites received increases, so do the 
chances of receiving an infective bite and thus it is important to identify where mosquitoes 
are most likely to bite and to minimize contact with mosquitoes in these locations (Jantz and 
Ribeiro, 1990, Konate, 1994). 
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Closely related to feeding location preferences is the resting habit of the mosquito 
(Bruce-Chwatt, 1986, Jantz and Ribeiro, 1990, Gilles and Warrell, 1993). Endophilic 
mosquitoes rest within a shelter after taking a blood meal which means that mosquitoes 
may either take a meal within a shelter and stay, or take a meal outside and move into a 
shelter to rest (Gillies and DeMeillon, 1968, Gillies and Coetzee, 1987). Conversely, 
exophilic mosquitoes rest outdoors after taking a meal (Gillies and DeMeillon, 1968, 
Gillies and Coetzee, 1987). Some mosquitoes exhibit both behaviors, spending part of 
their gonotrophic cycle within the confines of human-made shelters and the other part 
outdoors (Gillies and Coetzee, 1987). Only endophilic mosquitoes were looked at in this 
study. 
Calculating the aggressivity cycle of mosquitoes is important in determining at 
which times of the night most mosquitoes are actively seeking a blood meal. This has 
implications in finding the hours at which anti-mosquito protection would be most 
beneficial. 
Determining a mosquito’s resting behavior can be important when launching anti- 
malaria campaigns at the adult mosquito level. Knowing where the mosquitoes of each 
species rest can help determine which insecticides might work best. For example, if the 
major vectors in the area were not found resting in homes, it would not be effective to 
spray homes (Bruce-Chwatt, 1986, Gilles and Warrell, 1993). 
Another important factor to consider in studying vector transmission of malaria is 
the life cycle of the parasite, Plasmodium, as it pertains to the mosquito vector, Anopheles. 
Plasmodium spends its sexual stage of development in the mosquito (Bruce-Chwatt, 1986, 
Lehane, 1991, Clements, 1992, Gilles and Warrell, 1993). 
The vectoral aspect of Plasmodium’s life cycle begins when a female mosquito 
takes a blood meal from a malaria infected person, thus taking in Plasmodium gametes 
which circulate in the host’s blood (Bruce-Chwatt, 1986, Charles, 1991, Gilles and 
Warrell, 1993). These gametes develop in the mosquito and produce sporozoites which 
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travel to the mosquito’s salivary glands (Bruce-Chwatt, 1986, Lehane, 199 1, Clements, 
1992, Gilles and War&l, 1993). The female mosquito can now transmit the Plasmodium 
sporozoites to her next blood meal host (Bruce-Chwatt, 1986, Gilles and Warrell, 1993). 
Salivary glands are examined for sporozoites to determine whether or not a given 
mosquito is able to transmit malaria. ELISA is used to locate the circumsporozoite protein 
on the surface of the sporozoite and has proven to be very helpful in determining a 
mosquito’s infectivity. It is efficient, can identify the Plasmodium parasite to the species 
level, and is not overly costly (Beier et al, 1988b, Bockaire et al, 1993, Burkot et al, 1992, 
Campbell et al, 1987, De1 Giudice et al, 1989). 
The sporozoite index or SI (percentage of total captured mosquitoes found to be 
carrying the Plasmodium sporozoites in their salivary glands), can be used to determine the 
transmission rate (h), or how many infective bites each person receives per unit time 
(Macdonald, 1957, Bruce-Chwatt, 1986, Gilles and Warrell, 1993). The relationship 
between the number of infective bites and the number of malaria cases is difficult to 
calculate precisely, due to the many factors that are involved in malaria transmission 
(Fontenille et al, 1990, Faye et al, 1994, Konate et al, 1994). One must consider such 
factors as the endemnicity of malaria in the area, the age of the group under study, and the 
immunity of the group studied (Konate et al, 1994, Trape et al, 1994). 
Knowing which mosquitoes carry the parasite can help determine where to begin 
and where to be most effective when attempting to direct anti-malaria efforts (Faye et al, 
1994, Konate et al, 1994 Trape et al, 1994). These efforts may involve the use of 
insecticides effective against the given mosquito species, or it may involve attempting some 
other method of intervention in the malaria cycle as it relates to the given mosquito species. 
Dielmo, the site of this study, has been the location of similar studies since 1990, 
when ORSTOM, in conjunction with the Institut Pasteur of Dakar, set up a long-term 
research station to investigate host-parasite relationships and the mechanisms of protective 
immunity in the residents of the village (Trape et al, 1994). The longevity of the project 
has allowed inhabitants of Dielrno to become familiar with the research teams and 
procedures, and this has resulted in cooperation between scientists and residents. 
Anopheline species An. funestus and An. gambiae s.Z. have proven to be important 
vectors across African (White et al, 1972, Coz and Brengues, 1973, Marchand and 
Mnzava, 1985, Robert et al, 1989, Beier et al, 1990, Fontenille et al, 1990, Taylor et al, 
1990, Coosemans et al, 1992, Coene, 1993), and studies done within Senegal have also 
shown An. jknestus and An. gambiae s.Z. to be important malaria vectors (Vercruysse and 
Jancloes, 1981, Diagne et al, 1994, Faye et al, 1994, Konate et al, 1994, Trape et al, 
1994). These mosquito species were hypothesized to be important in Dielmo as well. 
This study of the anopheline mosquitoes of Dielmo, Senegal during the months of 
January, February, and March was done in an effort to help identify and further 
character& the vectors of malaria found in this region. Since different vectors are 
responsible for malaria transmission in different areas, it is necessary to look carefully at 
each location to determine what the situation is. Studying population numbers, feeding 
habits, and resting tendencies of Anopheles and looking at sporozoite indexes and malaria 
transmission rates will hopefully aid in future mosquito control efforts attempting to lessen 
or even eradicate the harmful effects of malaria. 
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Materials and Methods 
Area of Study 
Dielmo, Senegal, is a small village about 280 km southeast of Dakar, Senegal’s 
capital, and about 15 km north of the Gambian border. Its latitude and longitude are 13” 
45’ North and 16’ 25’ West (Figure 1). Although mosquitoes were obtained in Dielmo, the 
majority of the analyses took place in Dakar at the Institut Pasteur through ORSTOM, a 
French run research organization. 
Dielmo and, in fact, most of Senegal, is located in a typical Sudan savanna climate 
(Trape et al, 1994) and thus experiences a definite climatic change with an identifiable wet 
and dry season each year. The dry season occurs November through June, and the rainy 
season July through October. The average temperature is 27OC, with temperatures during 
the rainy season exceeding this, and those during the dry season falling below this. 
Dielmo (Figure 2) was chosen as a research site because it is situated near a river, 
the Nema, giving mosquito larvae a place to develop year round. This also allows malaria 
transmission to occur year round, and thus malarial research can be done throughout the 
year, rather than having the seasonality of other locations. This makes Dielmo a 
holoendemic area, which provides interesting research potentials, as residents are 
continuously exposed to Plasmodium parasites. P. faliciparum, P. mulariae and P. ovale 
have all been identified in Dielmo (Konate et al, 1994). Simultaneous studies were done on 
a nearby village (approximately 8 km distant and of slightly greater population), Ndiop, 
which lacked a river. Thus Ndiop does not provide a suitable habitat for year round 
mosquito development, is not holoendemic, and constitutes a good contrast for studies 
done in Dielmo. 
Dielmo is a small, stable community with a population of around 250 people 
divided into 2 main sections: Dielmo proper with 195 residents and Santhe-Mouride with 
55 inhabitants (Diagne, 1992). The two seasons, wet and dry, mandate certain changes in 
local agriculture. Dielmo is primarily a farming community, and agriculture dominates as a 
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source of income. Buildings in Dielmo are not completely solid, having space between the 
roof and the walls, and this provides mosquitoes and other insect types ready access to 
them (Gamage-Mendis et al, 1991). Living areas and storage areas were the primary 
locations looked at for mosquito study in this project. 
Night Cantures 
Night captures using human bait were conducted the first week of each month. 
Four capture sites were used, two indoors, and outdoors. These sites remained constant 
throughout the observation period. A rotation of 2 capturers (indigenous residents of 
Dielmo) for each site was used. Each hour one person replaced the other in a relay fashion, 
such that person A sat from 7-8,9- 10, etc., and person B sat from 8-9, 10-l 1 through the 
night. Captures ran from 7 pm to 7 am. The same pair of capturers was used each site for 
each day of the week. The schedule included 3-4 nights in Dielrno, the focus of the study, 
and l-3 nights in Ndiop (where no mosquitoes were captured). 
Capturers were equipped with tubes, cotton, a flashlight, bags for their captures, 
and a clock to keep them on schedule. The capturer sat on a bench with his pant legs rolled 
up. When a mosquito came to bite him, he trapped it in a glass tube, securing the top with 
cotton. All mosquitoes caught for that hour were placed in a bag marked with the hour and 
site. 
Each morning after captures, the research team arranged the mosquito bags 
according to their site and hour of capture. Each mosquito was killed using chloroform 
saturated cotton. The mosquitoes were then identified by the research team in Dielmo using 
dissecting scopes to look at morphological characteristics to distinguish between the 
mosquito species. Non-anopheline mosquitoes were set aside while Anopheles 
mosquitoes were then further characterized as gambiae s.1 (sensu late), finestus, rujipes, 
pharoensis, ziemanni, or coustani. 
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Each mosquito was given a number and placed in a small eppendorf tube containing 
silica gel rocks (which served as a desiccant) and cotton. Notation was made as to where 
and when the mosquito was caught. Ambient temperature at select i.ntervaIs during the 
night: 9 pm, 1 am, and 7 am were taken. Captured mosquitoes were kept in refrigeration 
at approximately 4OC until they could be transported to Dakar for more detailed analyses. 
Once in Dakar, they were stored at -20°C. 
Resting Mosouitoes 
Capture of mosquitoes in a period of non-movement (“resting mosquitoes”) 
involved a simple procedure similar to that prescribed and used in previous mosquito 
studies (Bruce-Chwatt, 1986, Gilles and Warrell, 1993, Service, 1993). In Dielmo, 
resting mosquito capture occurred in several locations, including bedrooms and 
storehouses, and were conducted the first week of each month along with night captures on 
human bait. 
The actual collection procedure involved carefully arranging white sheets to cover 
all possible surface areas of the home and closing off all possible escape routes (i.e. 
windows, cracks in the wall, etc.) to keep mosquitoes from escaping. Next, the house was 
fumigated with a pyrethrum based insecticide, and once the insecticide had taken effect, the 
sheets were carefully lifted, shaken, and the mosquitoes were gathered and retained in a 
vial to be brought back to the field laboratory. 
The mosquitoes were then sorted and given a number. All males and non- 
anopheline mosquitoes were discarded. The abdomens of gorged mosquitoes were 
removed and smeared on a circle of filter paper labeled with the date, location and number 
of the mosquito capture. The head, thorax, and all other extremities were retained in 
numbered vials containing silica rocks and cotton. These blood meal samples were later 
taken to the laboratory in Dakar to determine their origin. 
Samole Treatment: Distribution of Mosauito in Analvses 
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Virtually alI body parts of the captured mosquito were used for some aspect of this 
mosquito characterization. The head and thorax were used to look for sporozoites in the 
salivary glands, the abdomen was used to determine blood meal origin, and the legs, and 
sometimes the wings were used to determine mosquito species in the case of the Anopheles 
gambiae complex. 
Snecies Identification of the AnoDheles nambiae Comnlex 
Once mosquitoes had been brought back to the laboratory, those identified as 
belonging to the An. gumbiae complex were analyzed using the Polymerase Chain 
Reaction (PCR) technique (Paskewitz, 1990, Paskewitz, 1993, Scott, 1993). Because of 
the cost of performing the PCR, and the difficulty in obtaining reagents and supplies in 
Senegal, a random selection was made rather than testing all of the mosquitoes belonging to 
the An. gambiue complex. For the January collections, 69 of 119 mosquitoes were 
identified, in February, 30 of 53, and in March, 37 of 379 mosquitoes belonging to the An. 
gumbiue complex were identified. 
The PCR was performed simply using one or two of each organisms’ legs 
or wings. Added to the insect leg or wing was a mixture of several compounds including: 
Taq Buffer (2.5 pL) obtained from Perkin Elmer, distilled water (16.6 PL), GA, AR, ML, 
and UN primers (used to mark An. gumbiue KS., An. urubiensis, An. melus, and a generic 
primer respectively) (Scott, 1993) (1 PL of each) obtained from Eurogentec, dNTP (0.2 
pL) obtained from Pharmacia, Taq Polymerase (0.2 gL) obtained from Pet-kin Elmer, and 
MgC12 (1.5 pL). These amounts were based on the need to fill each tube with 25 PL of 
fluid to run the PCR. Controls used in each PCR run included 2 positive controls of 
known mosquito DNA and a negative control, containing no DNA. 
These tubes were placed on a plate and then in the Perkin Elmer 9600 Polymerase 
Chain Reaction machine. This cycle began with 0 set at 94°C and remained at 94 OC for 10 
set, followed by a drop to 50°C for 15 set, then a rise to 72OC for 15 set (McPherson et al, 
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1993). This cycle was repeated 32 times. Once the cycles were completed, the machine 
stored the results at 4°C until they were recovered for further analyses. 
Analysis of the results of the PCR’s DNA generation was done using a 1.5 percent 
agarose gel containing an ethidium bromide solution. The gel was made using 1.5 grams 
of agarose, 100 ml of TBE lx, and 6 PL of BET. Standard wells, in series of 15 or 20 
were used. 
A 100 base pair ladder from Pharmacia was used as the marker. It had been 
processed using HindIII and NSPIII. Ten PL of each sample from the PCR was mixed 
with a small amount of Coomassie blue and injected into its own well. An electric current 
was then run through the system, and the amplified DNA moved according to size along 
the gel. Gels were photographed after developing for 1 hr. 
Identification of Plasmodium in Mosauito Salivarv Glands 
Identification of Phwrwdium in mosquito salivary glands was done using Enzyme- 
Linked Immunosorbent Assays Circumsporozoite (ELISA CSP). Two general ELISA 
techniques have been established: an indirect “sandwich” method using antisera designed 
to capture specific IgGs (Burkot, 1981, Edrissian and Hafizi, 1982, Lombardi and 
Esposito, 1983, Service et al, 1986) and a direct method that does not require an initial 
plate incubation with an antiserum but instead incubates the sample directly on the plate 
(Beier, 1988b). To determine the presence of sporozoites in the salivary glands, the 
indirect “sandwich” technique was used, using a capture antiserum to trap the 
circumsporozoite protein found on sporozoites. 
To perform the ELISA analysis, 20 ~1 of NP40 (Nonided P40 made mixing 25 ~1 
NP40 with 2 ml of a blocking buffer which was made with 1 L phosphate buffered saline 
(PBS), 5 g casein, 0.1 g Thiomerosal, 0.01 g Phenol Red, and 10 g bovine serum albumin 
(BSA)) was added to each tube to completely immerse the head and thorax. This sample 
was allowed to incubate 1 hr in the NP40 solution, after which, 190 ~1 of blocking buffer 
was added to each tube and the solution mixed so as to pulverize the head and thorax. 
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Once mixed, another 190 ~1 of blocking buffer was added, and the mosquito solutions 
were stored at -20°C. 
Plates were prepared for use. Initially, a screen test was done on all mosquitoes, 
meaning that the 3 strains of Plasmodium found in Senegal (P. fulcipurum, P muluriue, and 
P. ovule) were tested for. Positive results in the screen were then tested more specifically. 
Monoclonal antibodies (MABs) provided by CDC, Atlanta, Georgia of the 3 Plasmodium 
strains in Senegal were diluted with PBS: P. fulciparum (15 w5 ml PBS), P. muluriue 
(30 @/5 ml PBS), P. ovule (15 pl/5 ml PBS) and used to make the capture antibody 
mixture. 150 ~1 of this mixture was placed in each of the wells of the plate which was then 
incubated at room temperature over night. 
Plates were then emptied and 200 l.tl of blocking buffer was added (to block any 
binding sites not filled by the capture solution) and allowed to incubate 1 hr during which 
time the mosquitoes thawed. 
Plates were then emptied, and 50 ~1 of the thawed mosquito mixture was added to 
each well. Mosquitoes were incubated on the plates for 2 hrs at room temperature. 
The plates were again emptied and then washed twice using PBS Tween-20 (IL 
PBS with 500 ~1 Tween 20). A mixture of peroxidase conjugated antibodies was added to 
the wells to complete the “sandwich”. This solution was composed of P. fulcipurum 7.5 
pV5 ml BB, P. maluriue 7.5 l.tl/5 ml BB, and P. ovule 15 pl/5 ml BB. Plates were allowed 
to incubate 1 hr, and were then emptied and washed 4 times with PBS Tween 20. 
After this washing, 100 ~1 of a peroxydase solution (5 mg OrthoTolidine in 0.25 ml 
N,N-dimethyl formamide, 30 ml citrate buffer, and, 4 ~130 % H202) was added to the 
wells and, the plates were placed in darkness for 30 minutes. A positive reaction was 
indicated by a blue coloration that represented the presence of the circumsporozoite protein, 
and thus the presence of sporozoites. 
The reaction was stopped at 30 minutes by adding 50 ~14N sulphuric acid 
(H2SO4) to each well which turned blue wells to yellow. Results of the test were read 
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using a Labsystems Multiskan MCC/340 spectrophotometer ELISA reader at wavelengths 
450 nm and 620 nm to obtain an optical density reading that correlated to the amount of the 
protein present in the well. 
All mosquitoes testing positive to this initial screen were subjected to a more 
specific analyses using essentially the same procedure already describe, but in which 
separate plates were used for each species of Plasmodium. 
Identification of Blood Meal Origin 
ELISA was used to determine the blood meal origin of mosquitoes. Once in the 
laboratory, blood samples taken in the field were carefully cut out of the filter paper wheel 
and placed in numbered tubes. 800 ~1 of PBS was added to each tube to elute the blood 
from the filter paper. The solution was allowed to incubate 1 hr, during which time it was 
vortexed twice. 
This ELISA was performed using the direct method (Beier et al, 1988a) so plates 
were set up by distributing 50 ~1 of the blood samples directly into each well. Each blood 
sample was tested in 5 wells, one for each of the likely blood meal origins: human, cow, 
sheep, chicken and horse. Two rows were used as negative controls and one row as a 
positive control, where blood of the respective animal was used. 
Plates were incubated with the blood meal samples for 3 hrs at room temperature or 
over night at 4°C. Plates were then emptied and washed twice with PBS Tween 20. A 
solution of peroxydase-labeled antibodies provided by Kirqegaard and Perry laboratory 
was made for each of the blood meals tested for. Peroxidase labeled solutions contained 
(for 6 plates) 5.4 ml of a blood meal buffer for each blood origin test. Added to the human 
test was 2.7 ~1 (l/2000) human antibody, to cow was 5.4 ~1 (l/1000) cow antibody, to 
sheep was 5.4 l.tl (l/1000) sheep antibody, to chicken was 1.3 ~1 (l/3000) chicken 
antibody, and to horse was added 1.3 ~1 (l/3000) horse antibody. Added to the buffer and 
antibody mixture was pure serum of each animal excluding that animal to which the serum 
16 
belonged (e.g. to human was added serum for cow, sheep, chicken, and horse, but not 
human) 
50 l.tl of the appropriate testing solutions was distributed to each well, and plates 
incubated for 1 hr. Plates were then washed 4 times with PBS Tween 20. 100 i.tl of the 
same peroxidase solution as was used for the ELISA CSP was added to each well and the 
plates were placed in darkness for 30 minutes. The reaction was stopped with 50 l.tl of 4N 
H2SO4, and the spectrophotometer ELISA reader was used to read the results. 
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Results 
Four trips to Dielmo and Ndiop (2 trips in January, and one trip per month in 
February and March) resulted in the capture of 1575 anopheline mosquitoes of which 993 
were obtained through night captures made using human bait and 582 were captures made 
using a pyrethrum spraying for resting mosquitoes in bedrooms and storehouses in 
Dielmo. 
Snecies Frequencies 
Results obtained from the PCR identification of the An. gumbiae complex are 
shown in Figure 3 as percentages of sibling species present. The majority of the 
mosquitoes belonging to the An. gumbiue complex captured in Dielmo belonged to the 
sibling species An. urubiensis (92.75%, 97%, and 97.4% respectively for the months of 
January, February, and March), while a minority of the mosquitoes belonged to the species 
An. gumbiue s.s., and no An. melus were found during the course of this study in Dielmo. 
From this point on, all sibling species will be grouped under the complex name An. 
gumbiue s. 1. 
Figure 4 shows the species frequencies of all anopheline mosquitoes obtained using 
night captures on human bait as divided into interior and exterior captures. The person 
biting rate (pbr) was calculated in bites/person/night for all anopheline mosquitoes captured 
in night captures on human bait during the months of January, February, and March. The 
pbr was calculated as follows: 
pbr = # mosauitoes cantured 
# human capturers x # of nights of capture 
These calculations show that the number of bites/person/night due to An. firnestus was 
greatest in February and lowest in March while An. gumbiae s.1. had the most 
bites/person/night in March and the least in February. Bites from other anopheline species 
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Figure 4: Interior and exterior person biting rates of anopheline mosquitoes 
for the months of January, February, and March, 1995, in Dielmo, Senegal 
(An. phuroensis and An. ziemunni) were fairly few in number. An. rujipes, though found 
in Dielmo was not captured on human bait. 
For the 3 months of this study, An. gumbiae s.1. was more commonly caught 
outdoors. In January and March, An. jimestus was more frequently captured indoors, 
while in February, it was more often caught outdoors. 
Table I shows the results of the locations and species of mosquitoes captured 
throughout the duration of the study using resting mosquito sampling. An. funestus was 
again caught in greater numbers than the other species for the months of January and 
February, but in March, An. gumbiue s.1. was more commonly captured. No resting An. 
ziemunni or An. phuroensis were collected. Large numbers of An. rujipes were seen 
when gathering the mosquitoes from the white sheets, but were not collected. More 
mosquitoes were captured in bedrooms than were captured in storehouses for both An. 
funestus and An. gumbiue xl. 
Table II also reveals that the majority of An. funestus and An. gumbiue s.1. tended 
to rest inside bedrooms (76.8 percent) rather than in storehouses (23.2 percent). 
Mosauito Aggressivity 
The average hourly number of bites/person for An. gumbiue s.1. and An. finestus 
for the months of January, February, and March was determined using mosquito numbers 
from night captures on human bait (Figure 5). Internal and external captures were 
considered separately in order to show indoor and outdoor feeding (endophagic and 
exophagic) behaviors. In general, external bites were more frequent than bites observed 
inside houses. 
Snorozoite Index (SI) and Transmission 
The ELISA circumsporozoite analysis to determine the percentage of mosquitoes 
carrying sporozoites in their salivary glands (the sporozoite index) was performed on all 
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Table I: Frequencies of anopheline species for resting mosquito captures in bedrooms and storehouses inDielmo, Senegal, 
during the months of January, February, and March 
January February Match 
An. gumbiae s.1. An. funestus An. gambiae s.1. An. funestus An. gambiue s.1. An. funestus 
m> (%o) (%I (SC> (%o) (%I 
Bedroom 12 5 (9) 29 (13) 3 (50) 69 (77) 71 (51) 30 (44) 
Bedroom 17 37 (70) 119 (53) 1 (17) 13 (15) 44 (31) 26 (38) , 
Bedroom Total 42 (79) 148 (66) 4 (67) 82 (92) 115 (82) 56 (82) z 
Storehouse 15 2 (4) 65 (28) 2 (33) 5 (6) 18 (13) 4 (6) 
7 
Storehouse 18 9 (17) 13 (6) 0 (0) 2 (2) 7 (5) 8 (12) 
Storehouse Total 11 (21) 78 (34) 2 (33) 7 (8) 25 (18) 12 (18) 
Total of Species 53 (100) 226 (100) 6 (100) 89 (100) 140 (100) 68 (100) 
Table II: Sporozoite Index for mosquitoes obtained using both night captures and resting 
mosauito cantures in Dielmo. Senetzal. for the months of Januarv. Februarv. and March 
Month 
January 
Total Number of Number . 
Mosquitoes Positive for P. Sporozoite 
Species Tested .falciparum Index (%) 
An. xumbicre 
s.1. 1 I’) I 0.84 
An. firnestw 200 I 0.5 
Olkl 
anophclinc 6 0 . 0 
spccics 
An. gambiae 
February s.1. 53 0 0 
March 
An. fitnestlts 
Other 
anopheline 
species 
An. gambiae 
s-1. 
488 12 2.46 
12 0 0 
341 6 1.76 
An. fimestw 
Other 
anopheline 
species 
166 1 0.60 
2 0 0 
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Figure 5: Interior and exterior aggressivity cycle for female Anopheles gumbiae s.Z. 
and Anophelesfunestus in Dielmo, Senegal, averages for the months of January, 
February, and March 
r--x - 
(from both cature techniques) but 74 mosquitoes. Table III shows the calculated sporozoite 
index (SI) for those mosquitoes analyzed. The formula used to calculate this follows: 
SI = #mosquitoes Positive = x 100 
total # mosquitoes tested 
The sporozoite index totals were greatest in the month of February (2.17 percent) 
and lowest in the month of January (0.62 percent). P. rndariae and P. ovde were not 
found in this study, and all parasites found in the salivary glands were P. fuZciparum. An. 
garnbiue s.Z. and An. jknestus were the only mosquito species found carrying sporozoites 
in their salivary glands. For the month of January, the SI was greatest for An. gurnbiue 
s.Z., while in February and March, the SI was greatest for An. finestus. 
Once both the person biting rate (pbr) and the sporozoite index (SI) were calculated, 
the number of infective bites per person, or transmission (h) (Bruce-Chwatt, 1986) could 
also be calculated. This was a simple matter of multiplying pbr by SI. In this case, pbr 
was measured in bites/person/month by multiplying the number of bites/person/night 
previously calculated by the number of days in the month. Figure 6 shows these results. 
Infective bites from An. jimestus and from An. gumbiue s.Z were considered separately. 
Transmission was greatest in February, with 100 percent of infective bites originating from 
An. finestus. The majority of infective bites in January were also inflicted by An. 
finestus, while in March, An. gumbiue s.Z. was responsible for the majority of infective 
bites. 
Troohic Preferences 
The anthropophilic index (AI) was calculated using the following formula for 
resting mosquito samples: 
AI = # mosauitoes human fed 
total # mosquitoes tested 
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Table U1: ArlthroDoDhilic 
Species Location of 
Capture 
1 Total 
An. 
gumbiue 
s. I. 
1 Total 
index for resting mosquitoes in Dielmo for the months of January, February, and March 
January February March Total 
Number Number Number Number Nurn ber Number Number of Number 
Mosquitoes Fed on Mosquitoes Fed on Mosquitoes Fed on Mosquitoes Fed on 
tested Humans tested Humans tested Humans tested Humans 
(%I (%I (%I (So) 
25 19 (76) 89 74 (83.1) 48 46 (90.6) 162 139 (86) 
21 7 (33.3) 10 1 (10) 5 2 (40) 36 10 (28) 
46 26 (56.5) 99 75 (75.8) 53 48 (90.6) 190 149 (78) 
24 17 (70.8) 4 4 (1W 41 33 (80.5) 69 54 (78) 
12 1 (8.3) 2 0 (0) 1 0 (0) 15 1 (6) 
36 18 (50) 6 4 (66.7) 42 33 (78.6) 84 55 (65) 
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In the case of multiple meals taken by a single mosquito, each meal was considered 
individually, and thus these mosquitoes were considered more than once. Since all 
mosquitoes gathered were either An. funestus or An. gumbiue s.Z., only blood meal 
origins from these 2 species were considered (Table III). Mosquitoes captured in 
bedrooms had higher anthropophilic indexes than did those captured in storehouses. 
OveraLl, An. @nestus had a slightly higher anthropophilic index than did An. gumbiue s.Z. 
for both bedrooms and storehouses. 
General trophic preferences (TP) were quantified using the following formula: 
up = # mosquitoes nositive for a given blood meal in a given area x lot) 
total # mosquitoes tested from that area 
Figure 7 shows that mosquitoes captured in bedrooms had a strong tendency to 
feed on humans as opposed to other hosts tested for. The human trophic choice was 
followed by blood meals taken from cow, then sheep and finally horse. 
Figure 8 shows that mosquitoes captured in storehouses tended to take blood meals 
from cows as opposed to humans. The mosquitoes fed on humans secondly, followed by 
sheep and horse blood meals. 
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Figure 7: Trophic preferences of resting mosquitoes captured in 
bedrooms in Dielmo, Senegal, for the months of January, February, 
and March, 1995 
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Discussion 
Suecies Frecmencies 
Figure 3 shows that in the An. gumbiue complex for the 3 months studied, An. 
urubiensis predominated while An. gumbiue S.S. was fairly infrequent. An inverse 
proportionality has been noted for the sibling species in the Anopheles gumbiue complex 
with An. gumbiue S.S. more prevalent in the wet season, and An. urubiensis more prevalent 
in the dry season (White et al, 1972, Coz and Brengues, 1973, Vercruysse and Jancloes, 
1981, Gillies and Coetzee, 1987, Robert et al, 1989, Coosemans et al, 1992, Gilles and 
Warrell, 1993, Konate et al, 1994). This study in Dielmo took place during the dry season 
and, as previous studies had already shown An. urubiensis to be more numerous than An. 
gumbiue S.S. in such climatic conditions, it was not surprising to find a greater number of 
An. urubiensis. Because more An. urubiensis were captured, it was determined that it 
served as a more important vector than An. gumbiue S.S. for this study. From here on, this 
complex will be referred to as An. gurnbiue s. 1. with the knowledge that this refers 
primarily to An. urubiensis. 
Even a quick look at Figure 4 and the number of each anopheline species found for 
this study clearly shows that An. jimestus and An. gumbiue s. 1. were the primary human 
biting mosquitoes for night captures on human bait. Other studies done in Senegal are in 
accordance with this finding and agree that these species are commonly found biting 
humans (Diagne et al, 1994, Faye et al, 1994, Konat6 et al, 1994, Vercruysse and 
Jancloes, 198 1). While An. phuroensis and An. ziemni were captured, they were not 
nearly as abundant, reducing the probability that they serve as very effective malaria vectors 
in Dielmo. The lack of An. rufipes captured on human bait, despite large numbers 
observed among resting mosquito captures, leads to the conclusion that An. rujipes does 
not feed on humans, and can thus be discounted as a potential malaria vector in Dielmo. 
Conversely, An. funestus and An. gumbiae s.Z. were very abundant in both captures on 
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human bait and in collections of resting mosquitoes, and thus have a much greater potential 
to act as malaria vectors, as only those mosquitoes shown to feed on human hosts at a great 
enough fequency are capable of acting as vectors (Fontenille et al, 1990, Taylor et al, 1990, 
Coluzzi, 1992, Coosemans, et al, 1992). 
Figure 4 also shows that in January and February, An. funestus was the most 
abundant mosquito species followed by An. gumbiue s.Z. Other studies indicate that An. 
@zestus tends to be more prevalent in the dry season and that there is a shift to An. 
gumbiue xl. in the wet season (Gillies and Coetzee, 1987, Coosemans et al, 1992, Coene, 
1993, KonatC et al, 1994, Trape et al, 1994). This could explain why more An. jiozestus 
were captured in this study. In March, however, mosquito frequencies changed rather 
unexpectedly, with An. gumbiue s.Z. increasing in number and An. finestus decreasing. 
There is no clear explanation for the shift in this case. Konat6 et al (1994) and Trape et al 
(1994) did find that the abundance of An. gumbiue s.Z. tended to increase in number 
approximately one month before the beginning of the rains. They credited this to climatic 
changes, such as changes in temperature and humidity, that preceded the rainy season. In 
Dielmo, there was a slight temperature increase in the beginning of February which may 
have had some effect on mosquito population densities. This was not precisely measured, 
and temperatures at the end of February were again cooler. 
The actual number of bites per person per night remained fairly constant throughout 
the study, with slight fluctuations, and the already mentioned shift in frequency of An. 
gumbiue s.Z. and An. finestus. The explanation for the fairly large increase in pbr for the 
month of February is not known, but many factors such as: wind speed, temperature, and 
humidity could have been partially responsible. 
When looking at resting mosquito captures (Table I), An. finestus and An. 
gumbiue s.Z. were again predominant. There were large fluctuations in the number of 
mosquitoes captured for each month in this method. This variance may be attributed to 
several factors. Among these are climatic factors such as wind, temperature, and humidity 
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(though these were not closely monitored, and thus can not be proven as factors). The 
activities of the residents of the bedrooms, or activity in the storehouses could also have 
had some effect. Lots of activity may have stirred up mosquitoes, resulting in a lower 
capture number. These possibilities were out of the control of the research team. 
An. rujipes was the only other anopheline found in resting mosquito samples, but 
since they have been found to be strict zoophiles (Gillies and DeMeillon, 1968, Gillies and 
Coetzee, 1987, Diagne et al, 1994) and not important in malaria transmission, they were 
not collected. The fact that no An. rufipes were captured on human bait helps prove the 
zoophilic feeding behavior of this mosquito species, and their inability to serve as malaria 
vectors. 
Endouhilv/Exonhilv 
As can be seen in Table I, An. phuroensis and An. ziemunni were not found in 
samples of resting mosquito population which leads to the conclusion that they must be 
exophilic rather than endophilic. This same finding has been reported in other sources 
(Gilles and DeMeillon, 1968, Gilles and Coetzee, 1987, Diagne et al, 1994) An. rufipes 
was found in abundance, and must therefore be considered as an endophilic mosquito 
species, which is also confirmed by previous findings (Gilles and DeMeillon, 1968, Gilles 
and Coetzee, 1987, Diagne et al, 1994). 
The only other anopheline mosquito species found in the human-made structures 
were An. funestus and An. gumbiue xl. The majority of these mosquitoes were found 
resting in bedrooms as opposed to storehouses. One explanation of this could be that many 
of the mosquitoes, having fed in the bedroom, chose to rest in the same room rather than 
moving to another resting location. Since storehouses are not inhabited by humans during 
the normal biting times of anopheline mosquitoes, fewer mosquitoes would have fed there, 
and thus fewer mosquitoes would rest there. 
Because only resting mosquitoes were studied, it is impossible to conclude whether 
or not An. funestus and An. gumbiae s.Z. are strict endophiles. Previous studies have 
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shown much discrepancy as to the resting behavior of both An. finestus and An. gumbiue 
s.Z. Some researchers have found both to be fairly strong endophiles (GiIlies and 
DeMeillon, 1968, Gillies and Coetzee, 1987) while other have determined that they are 
more exophik (Fontenille et al, 1990, Taylor et al, 1990). All sources generally agree that 
An. finestus is more endophilic than An. gumbiue s.Z. Some studies have shown these 
mosquito species to exhibit both behaviors, spending the first half of their gonotrophic 
cycle resting indoors and the second half outdoors (Coz and Brengues, 1973, Janz and 
Ribeiro, 1990). 
EndonhagyZExophaau 
Feeding location preference for mosquitoes in Dielmo was investigated using night 
captures on human bait. Figure 4 and Figure 5 show that the feeding locations of An. 
funestus was not consistent in this study. An. jimestus exhibited more endophagic 
behavior than all other mosquito species (An. phuroensis, An. zeimznni, and An. gumbiue 
s.Z.). It was endophagic in January and March, but was more exophagic in February. An. 
gambiue s.Z., An. phuroensis, and An. zeimanni consistently fed more frequently outdoors 
and can thus be considered more exophagic. 
Explanation for this variation in feeding location preference for An. finestus could 
be attributed to climatic factors. There was possibly a greater amount of wind in the months 
of January and February, which drove An. funestus to take blood meals inside shelter, or 
perhaps some other climatic difference had an effect on feeding locations. It is odd, 
though, that other mosquito species were not affected. 
The conclusion that the anopheline population of Dielmo tends to be more 
exophagic is similar to the findings of some studies (Fontenille et al, 1990, Faye et al, 
1994, Konate et al, 1994) but is contrary to the findings of others (Gillies and DeMeillon 
1968, Gillies and Coetzee, 1987). These variations emphasize the importance of looking at 
each site independently to characterize its mosquito populations, as differences such as this, 
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even among the same species, are not uncommon as can be seen with the conflicting 
findings above. 
ketessivitv 
Figure 5 shows the average number of bites per person per hour for January, 
February, and March inflicted by An. finestus and An. gumbiue s.Z. An. finestus appears 
to have had a peak aggressivity between the hours of 2 and 5 am, while An. gumbiue s.Z. 
did not have a clear peak, but tended to be more active between 10 pm and 3 am. This 
correlates with what other studies have shown; that peak aggressivity times occur in the 
second half of the night, with An. gumbiue s.Z. feeding earlier in the evening (Gillies and 
DeMeillon, 1968, Vercruysse and Jancloes, 1981, Beier et dl, 1988b, Gillies and Coetzee, 
1987, KonatC et al, 1994). Different peak aggressivity times may be an evolutionary 
adaptation by the mosquitoes to avoid competition for a host (too many mosquitoes makes 
it dificult to take a quick meal undetected), or it may be due to differences in the lengths of 
the different species’ gonotrophic cycles (Bruce-Chwatt, 1986, Gilles and Warrell, 1993). 
Soorozoite Index (SD 
Table II shows that An. funestus exhibited a greater SI than did An. gumbiue s.Z. 
for the month of February. In January and March, An. gumbiue s.Z. exhibited a higher 
sporozoite index. Testing of other anopheline species did not reveal sporozoites in the 
salivary glands. Previous studies have also shown An. jhestus and An. gumbiue s.Z. to 
carry Plasmodium sporozoites in the salivary glands (Taylor et al, 1990, Faye et al, 1994, 
Konate et al, 1994, Trape et al, 1994). The month of February had a very small capture of 
An. gumbiue s.Z., and this small number could explain why none were found carrying the 
parasite, and thus why An. funestus had a higher SI for this month. The fact that An. 
fwzestus and An. gumbiue s.Z. were able to carry the malaria parasite, makes them 
potential vectors of malaria in Dielmo, Senegal for the period of this study. 
Knowing which species carry the parasite is essential, but it is also helpful to 
determine which parasite species the mosquito is carrying. P. maluriue and P. ovule have 
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occasionally been found in Dielmo in the past (Faye et al, 1994, Konate et al, 1994, Trape 
et al, 1994) but they were not found during this study period. All sporozoites found in 
mosquito salivary glands were P. fulcipurum . 
Transmission Ch) 
Table II shows that of all mosquitoes tested only 21 (1.5 1 percent) tested positive 
as sporozoite carriers and thus potential malaria transmitters. Although this may not seem 
to be a very large figure, when one encounters a large pbr, the odds of receiving an 
infective bite increase quickly, as is seen in Figure 6. This is seen in February, when the 
SI was only 2.46 percent, but due to a large pbr, the number of infective bites per person 
per month was 23. 
January had less infective bites per person than February and March. This may be 
attributed to the fact that temperatures generally begin to rise in January, and may have 
increased mosquito activity. This may have then affected malaria transmission for the 
months of February and March. The number of infective bites for March is again less than 
that of February, but there is no solid evidence for why this is true. 
In January, most transmission was due to An. finestus, and in February it was 
completely due to An. finestus. For March, there was complete reversal, and the majority 
of malaria transmission was due to An. gumbiue s.Z. This is due primarily to the fact that 
the majority of the mosquitoes captured in March were An. gumbiue s.Z. (perhaps due to 
climatic affects) and to the fact that An. gumbiue s.Z. showed a higher sporozoite index than 
did An. funestus in March. 
Looking at he total transmission for the 3 months, one must conclude that An. 
funestus was responsible for the majority of the transmission, but looking at the sporozoite 
indexes of January and March, one must consider that, if present in equal numbers, An. 
gumbiue s.Z. would be a more important transmittor. 
Tronhic Preferences 
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In this study, the anthropophilic index was calculated separately for bedrooms and 
storehouses, as is seen in Table III. In general, those mosquitoes captured in bedrooms 
had a higher anthropophilic index than those captured in storehouses. The index for 
bedrooms was never less than 70 percent while the index for storehouses ranged from 0 to 
40 percent. This was not surprising, as one would expect those mosquitoes found in 
closer contact with humans (i.e. in bedrooms) to be more likely to feed on humans. 
An. fwzestus demonstrated a slightly higher anthropophilic index than did An. 
gumbiue s.Z. This was especially true for those mosquitoes found in storehouses, but also 
applied to bedroom resting mosquitoes. Due to the small sample size from the storehouses, 
it is difkilt to come to a firm conclusion. 
Figure 7 shows the trophic preferences of bedroom resting as analyzed using 
ELISA. Most mosquitoes had taken a human blood meal. A difference was observed in 
storehouses (Figure 8), where most mosquitoes had fed on cows. There were still quite a 
few mosquitoes that had fed on humans which further shows that An. funestus and An. 
gmnbiue s.Z. do exhibit anthropophilic behavior. A few mosquitoes tested positive for more 
than one blood meal origin. These mosquitoes may have been disturbed before completion 
of their original blood meal and finished their meal on another host of a different species. 
The presents of 2 different blood meals demonstrates that anopheline mosquitoes 
exhibit flexibility in feeding behavior and their willingness to feed on hosts that are 
available when their ideal host is not present. Flexibility in feeding behavior is one 
example of the difficulty in fighting malaria. Even if insecticides eliminated all mosquitoes 
in close contact with and that generally feed on humans, there is no guarantee that other 
mosquitoes not generally in contact with humans, and not normally behaving 
anthropophilically, will not do so occasionally. These mosquitoes could potentially cause 
epidemics, or continue to effectively propagate the disease (Washino and Tempalis, 1983). 
This was the case in Madagascar, where atypical mosquito feeding behavior was the partial 
cause of a malaria epidemic in 1986-1987 (Fontenille, 1990). 
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Tophic preferences found here do not necessarily show the ideal host for the 
mosquitoes. Endophilic An. funestus and An. gumbiue s.Z. in Dielmo did show 
anthropophilic behavior, and the majority of the mosquitoes tested were positive for human 
blood consumption. There were a quite a few mosquitoes fed on non-human hosts as well. 
Previous studies give conflicting results. Some have found both An. funestus and An. 
gumbiue s.Z. to be zoophilic (Fontenille et al, 1990, Taylor et al, 1990) while others have 
found them to be anthropophilic (Hamon and Grjebine, 1956, Gillies and DeMeiIlon, 
Gillies and Coetzee, 1987). All sources do seem to agree that An. funestus exhibits greater 
anthropophilic behavior than does An. gum&ue s.Z. , which correlates with the findings of 
this study. 
Conclusions 
Considering these findings, it can be determined that An. finestus and An. gumbiue 
s.Z. were the most important malaria vectors for the months of January, February, and 
March in Dielmo, Senegal. Results in this study show that An. finestus and An. gumbiue 
s.Z. had the greatest potential for transmitting the disease. An. finestus and An. gumbiue 
s.Z. were the most commonly caught mosquitoes, and they were caught in such ways and 
in such locations that would put them in close contact with humans. This is of great 
importance when one considers that the only way in which malaria transmission can occur 
is through a mosquito taking a blood meal from an infected person, waiting a few weeks 
for the Plasmodium to develop and migrate to the salivary glands, and then taking a second 
human blood meal. Mosquitoes must be in significant enough numbers, in close enough 
contact with humans, and inflict enough bites (exhibit anthropophilic behavior) to be 
effective in this transmission. An. funestus and An. gumbiue s.Z. fill all of these criteria 
well enough to be considered effective in malaria transmission. 
ELISA done to determine the presence of sporozoites in the salivary glands of the 
mosquitoes were positive only for those mosquitoes belonging to the species An. funestus 
and the species group An. gumbiae s.Z. When the sporozoite index was combined with the 
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number of bites per person per month, it clearly showed that there was a significant number 
of potential infective bites to consider An. finestus and An. gumbiue s.Z. effective vectors 
in Dielmo, Senegal. 
Results obtained in Dielmo do not parallel exactly the results found in other 
locations. There are many findings in mosquito behaviors (e.g. feeding and resting 
behaviors) that vary even within the same species. Differing environmental situations 
mandate this change in behavior. These discrepancies exemplify the need to character& 
the mosquitoes at each individual site as opposed to trying to make one generalization about 
all mosquitoes of a given species. If efficient and effective use is to be made of anti-malaria 
campaigns on an entomological level, some understanding of the habits and tendencies of 
the species present at the site targeted is essential. Otherwise the risk of wasting precious 
time and resources is imminent, and, in general, anti-malaria campaigns are found in those 
locations least able to afford this loss. 
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